Little leaf disease symptoms including dwarfed, thickened and puckered leaves and shortened internodes of bitter gourd (Momordica charantia L.) plants were observed in Meiktila, Myanmar 2012. The causal agent was detected by polymerase chain reaction using universal phytoplasma primers, and classified by sequencing of 16S rRNA gene, ribosomal protein (rp) gene and protein translocase subunit (secY) gene and RFLP analysis. The expected target phytoplasma DNA fragment of 1.8 kbp was amplified from the bitter gourd little leaf (BitLL) diseased samples. The 16S rRNA gene sequence analysis of BitLL phytoplasma showed 99.7% to 99.9% identity with members of 'Candidatus Phytoplasma asteris' associated with sesame phyllody (SP), periwinkle phyllody (PeP) and periwinkle little leaf (PeLL) diseases in Myanmar. Moreover, rp and secY gene sequences of the BitLL isolate were 99.7% to 100%, and 99.9% to 100% identity among the SP, PeP and PeLL phytoplasma. However, putative restriction analysis revealed that the BitLL isolate missed one Mse I site on rp gene sequence while other isolates had the same restriction sites. Phylogenetic analysis of the three genes confirmed that the phytoplasma belongs to the 'Ca. P. asteris'. This is the first report of 'Ca. P. asteris' infecting a member of the family Cucurbitaceae in Myanmar.
INTRODUCTION
Bitter gourd (Momordica charantia L.) is one of the most popular vegetables in Southeast Asia. It is annual tropical and subtropical vine of the family Cucurbitaceae along with cucumber, squash, watermelon and muskmelon (Palada & Chang, 2003) . It is also known as bitter melon, bitter squash and balsam pear, and widely cultivated in Asia and Africa and is regarded as a noxious weed in South America. Numerous medicinal uses have been documented or claimed such as stomachic, carminative and for diabetes treatment (Grover et al., 2002) and there are claims that it can also be used for prevention of breast cancer (Ray et al., 2010) . In Myanmar, bitter gourd is widely grown in year round for its immature fruits and used as a vegetable. Several varieties of the bitter gourd are grown for local consumption, and use as a medicine to treat diabetes.
Little leaf symptoms were observed on bitter gourd plants in a commercial field at Meiktila in 2012. The leaves of infected vines were small, thickened, yellowish green and puckered and the internodes were thickened and shortened (Figure 1 ). Flowers of affected plants were reduced in size, did not fully open at maturity and finally withered within a few days. These symptoms seemed to be caused by a virus but the sole viral diseases known for bitter gourd are yellow mosaic diseases. Montano et al. (2000) reported a phytoplasma disease of bitter melon in Brazil.
FIGURE 1 -Little leaf symptom on naturally infected bitter gourd plants exhibiting yellowish green, thickened, puckered leaves and internodes shortening (white arrow) compared to normal healthy vine (black arrow).
Infected plants exhibited yellowing, reduction in size of leaves and witches' brooms and the associated phytoplasma belonged to X-disease phytoplasma subgroup 16SrIII-J. Another disease on M. charantia producing phyllody symptoms caused by aster yellows phytoplasma group in Thailand (Spoodee et al., 1999) . Diseased bitter gourd plants observed in this study exhibited little leaf symptom. In Myanmar, plant diseases associated with phytoplasmas have been reported in a wide range of plant families (Win & Jung, 2012) but there was no report of phytoplasma diseases for the Cucurbitaceae. Results of a study performed to clarify the etiology of the little leaf disease of bitter gourd in Myanmar are presented here.
MATERIAL AND METHODS

Total DNA extraction and PCR amplification
Samples of bitter gourd showing little leaf symptoms were collected from naturally infected bitter gourd plants grown in fields of the Segyi area near Meiktila Township, Myanmar in 2012 and taken to the laboratory. Total DNA was extracted from about 0.3 g leaf sample using cetyltrimethylammonium bromide buffer described by Namba et al. (1993) . Total DNAs of other isolates used in this study were: Sesame phyllody (SP-YZ, AB558132), periwinkle little leaves (PeLL, AB646266), periwinkle phyllody (PeP-NS, AB646267) and periwinkle phyllody (PeP-YZ, AB646268) that were kept in storage at -80˚C at the Plant Pathology Laboratory at the Kyungpook National University, South Korea. These isolates belonged to 'Ca. P. asteris' (Win et al., 2011; Win and Jung, 2012) .
The DNA templates were used to detect phytoplasma by polymerase chain reaction (PCR) using universal primers SN910601/SN011119 that amplify about 1.8 kbp DNA fragment including nearly full length of 16S rRNA gene, the spacer region and partial of 23S rRNA gene (Jung et al., 2003) . The rp gene was amplified by the primers rp(I)F1A/ rp(I)R1A that amplify about 1.2 kbp of the rp operon that encompassed genes rpl22 and rps3 (Lee et al., 2004) . The secY gene (about 1.4 kbp) was amplified by AYsecYF1/ AYsecYR1 (Lee et al., 2006) .
The PCR products were analyzed by electrophoresis in 1% agarose gel stained with ethidium bromide and the DNA bands were viewed with an UV transilluminator.
Sequencing and sequence identity analysis
The PCR products of 16S rRNA, rp and secY gene were purified with ExoSAP-IT (USB) and direct sequenced using the ABI 3730 XL DNA sequencer (SolGent) with the primers used in the PCR analysis. The 16S rRNA gene PCR products were sequenced with five primers (350F, 350R, 520F, 520R and 788F) in order to get the full-length of the 16S rRNA gene including spacer region and partial of 23S rRNA gene sequence (Table 1 ). The rp and secY genes were sequenced with the same primers used in the PCR analysis. The sequences were then assembled and edited using DNASTAR's lasergene software (DNASTAR) and consensus sequences were generated. The sequence identity between isolates was analyzed by using GENETYX-WIN 3.2 software (Genetyx Co.). Then, the sequences were deposited in GenBank database. The accession numbers are AB746131, AB746132 and AB746133 for 16S rRNA, rp and secY gene sequence of the BitLL phytoplasma respectively. For rp gene sequences of SP-YZ, PeLL and PeP-YZ isolates accession numbers are AB741638, AB741640 and AB741642 respectively, and for secY gene sequences of SP-YZ and PeLL accession numbers are AB741639 and AB741641 respectively.
Restriction fragment length polymorphism (RFLP) analysis
The 16S rRNA gene PCR products (~1.8 kbp) were digested with Alu I, Mse I, Kpn I, Hae III, Rsa I and Taq I enzyme separately. The rp and secY gene products were digested with Alu I, Mse I and Tsp 509I. The restriction products were then separated by electrophoresis through 8% polyacrylamide gel, stained in ethidium bromide, and visualized with a UV transilluminator. Putative restriction site maps were also generated for rp gene sequences (~1.2 kbp) by DNASTAR's Lasergene software.
Phylogenetic analysis
Phylogenetic relationship among the isolates of BitLL, SP-YZ, PeLL, PeP-NS and PeP-YZ and other phytoplasmas were analyzed based on 16S rRNA, rp and secY gene sequences. The 16S rRNA gene sequences of aster yellows group phytoplasmas retrieved from GenBank database were aligned by using Clustal W. Stolbur (X76427), 'Ca. P. fragariae' (EU338446) and stolbur (GU004346) were used as the outgroup for 16S rRNA, rp and secY gene based analysis respectively. The trees were constructed by neighbor-joining method with the bootstrap analysis of 1,000 replicates and the trees were viewed by TREEVIEW (Page, 1996) .
RESULTS AND DISCUSSION
The presence of a phytoplasma associated with bitter gourd bearing little leaf symptoms was confirmed by the amplified DNA fragment of the expected size (1.8 kbp) from the diseased leaves while no DNA fragment was amplified from the healthy leaves and the negative control. The PCR results confirmed that the little leaf disease of bitter gourd is associated with a phytoplasma.
Nearly full-length of 16S rRNA gene sequence including spacer region and partial of 23S rRNA gene of BitLL phytoplasma was 1,838 kbp in length and operon heterogeneity was observed on nucleotide sequence data. BLAST analyses revealed that the BitLL phytoplasma has the highest similarity (99.9%) with members of 'Candidatus Phytoplasma asteris'. The rp and secY gene sequences of five isolates; BitLL, SP-YZ, PeLL, PeP-YZ and PeP-NS, were about 1.2 kbp and 1.4 kbp respectively. Percent homologies between five isolates of 16S rRNA, rp and secY gene sequences are presented in Table 2 . BitLL, SP-YZ and PeLL isolates share 99.9% identity, and 99.7% to 99.8% identity among three periwinkle isolates for 16S rRNA gene sequences. For rp gene sequences, there is 99.7% to 100% identity among them, and 100% identity between SP-YZ, PeP-NS and PeP-YZ. The secY gene sequences had 100% identity among the isolate except BitLL that shared 99.9% identity with others. The sequence identity comparison showed that the BitLL isolate is close to the other four isolates for the three genes examined. The secY gene sequences of the isolates were more stable than rp and 16S rRNA gene sequences.
The RFLP profiles were generated by restriction enzymes for the 16S rRNA gene PCR products (~1.8 kbp), rp (1.2 kbp) and secY genes (1.4 kbp) of five isolates ( Figure  2 ). In figure 2A , the RFLP profiles analyzed by six enzymes were almost identical among five isolates although there were two additional fragments on Taq I enzyme between 1,000 bp and 500 bp for SP-YZ, PeLL, PeP-NS and PeP-YZ isolates. The presence of additional fragments would be affected by operon heterogeneity. In RFLP profiles for rp gene, the BitLL isolate differed from other isolates on Mse I site at about 80 bp ( Figure 2B ). This difference was confirmed by generating putative restriction map for rp gene sequences of five isolates. The BitLL isolate had one Mse I site lacking between 300 and 350 bp. Except that, the five isolates had the same restriction sites. Similarly, the indistinguishable RFLP profiles were obtained for secY gene products of five isolates ( Figure 2C) .
Phylogenetic relationship derived from the 16S rRNA, rp and secY gene sequences was analyzed for the five isolates, BitLL, SP-YZ, PeLL, PeP-NS and PeP-YZ, and other members of 'Ca. P. asteris' (Figure 3) . The five Myanmar isolates had variation among 16S rRNA gene sequences ( Figure 3A) . Among them, rp and secY gene sequences of the BitLL isolate differed from other four isolates ( Figure 3B, C) . All results indicate significant genetic variation among the five isolates of 'Ca. P. asteris' from Myanmar. This was also observed for the BitLL phytoplasma.
Phytoplasma association with witches' broom disease of bitter gourd was first described in Taiwan where the phytoplasma was observed with an electron microscope (Chou et al., 1976) . Later, a phyllody disease on bitter gourd caused by aster yellows phytoplasma was also reported and the agent was identified by RFLP analysis in Thailand (Spoodee et al., 1999) . Based on the previous (Montano et al., 2000) and this study, the bitter gourd plants can be attacked by two phytoplasmas: 'Ca. P. pruni' (x-disease phytoplama group) and 'Ca. P. asteris'. Few plants belonging to the Cucurbitaceae have been previously described as hosts for 'Ca. P. asteris' namely: Cucumis sativus L. in Taiwan (GenBank data, Wang et al., 2008) , Luffa cylindrica M. Roem. in India (Kumar et al., 2010) and Sechium edule (Jacq.) Swartz in Costa Rica (GenBank data, Saborio-R et al., 2005) . This study reports bitter gourd as an additional cucurbitaceous hosts for 'Ca. P. asteris'. and it represents an addition to the list of plant hosts for phytoplasmas in Myanmar (Win & Jung, 2012) . This is also the first time a molecular characterization supporting the record of 'Ca. P. asteris' association with little leaf of bitter gourd is provided. figure) and separated by electrophoresis through 8% polyacrylamide gel. Lane M: 1 kbp plus 100 bp Marker.
A FIGURE 3 -Phylogenetic tree constructed by neighbor-joining analysis of A. 16S rRNA, B. rp, and C. secY gene sequences from bitter gourd little leaf phytoplasma isolate (Bold font), four isolates of 'Ca. P. asteris' and other 'Ca. Phytoplasma' species. Acholeplasma laidlawii (M23932, M74771 and NC_010163) were used as the outgroup of tree. The data were replicated 1,000 times and the bootstrap values (>80%) are given at the nodes. The bar represents a phylogenetic distance.
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